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In earlier work from this lavoratory, it was shown <that fatty
acid synthesis in yeast preparations is scrongly_. influenced by carbon
diox:Lde (Klein, 1957) and by a particula fra;‘.tion sedimentable from
postmitcchondrial supernatants (KLeM& Booher, 1956; Klein, 1960;
Abraham et al., 1961; Den and K.leiiu, 1961; Klein, 1963). Working with
animal extracts, other workers have emphasized that citrate and other
biochemical intermediates can exert profound effects on fatty acid
formation, and several hypotheses based upon such interactions have
been formulated (Vagelos et al., 1963; Tubbs and Garland, 1963; Bortz
and Lynen, 1963; Vagelos, 1964; Howard and Lowenstein, 1964).

It is the purpose of this report to indicate that yeast
preparations are also subject to controlling influences by certain
intermediates of the oxidative and fermentatlve metabolism of glucose.

Saccharomyces cerevisiae, strain LK2G12, was grown aend aerated as

previously described (Klein, 1957) and disrupted 0
pressure cell (Klein, 1963). The high-speed supernatant (ns’gr )Jf

222

Microfiche (MF)

obtained after centrifugation at 85,000 X G for 60 min, wa.e’ % é%, 4

overnight against 0.1 M potassium phosphate buffer, pH 6.5, conta.in- -id

ing 0.5 mM reduced glutathione. This preparation was used in all
oo - -
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experiments in which the syntn..’

measured.¥* For determincilon ¢ oyl COOLORTM e oD Ly, the
dialyzed 0-30% ammonium sullate .  -cic.. - e H.8.8. e .
Citrate, which is known to ci. .da. . ooy acid synthesis in

animal preparations (Vagelos, 19G%), pro:. «ily increwsed the rate of
incorporation of acetate into falty acid: (Tuble I). That citrace does
not stimulate by chelation of metals is probable since wersene, .ver

a concentration range of 0.02 mM to 2 mii (where it became inhibi .ory),
did not increase the rate of fatiy acid formation. Isocitrate aifected
the yeast preparation in a manner analogous to citrate, while a-keto-
glutarate had no effect. As is the case for the compounds referred to
below, citrate and isocitrate did not stimulate the synthesis of
nonsaponifiable lipids.

L-a~glycerophosphate was also very effective in stimulating fatty
acid synthesis (Table II). Concentrations of the order of 1 mM are
evidently optimal in this stimulation. Other related compounds that
were found to stimulate in this manner are glucose-6-~phosphate and
fructose-1.6-diphosphate, both of which might be converted to a~glycero-
phosphate in these preparations.

Stimulation by L-a~glycerophosphate has been observed by Howard
and Lowenstein (1964) in a rat liver system containing supernatant and
microsomes. On the basis of their observations, these authors suggested
that this compound may act by removing inhibitory amounts of‘acyl-CoA

vie glyceride synthesis, since long-chain acyl-CoA compounds were shown

*Methods for isolating msjor lipid fractions are similar to those used
previously (Klein, 1957, 1960), except that following hydrolysis of the
incubated suszensions, the hydrolysates were first acidified and
extracted with petroleum ether to remove both fatty acids and nonsaponi-
fiable lipids. Analysis by gas chromatography indicated that all the
radioactive fatty acids extracted in this manner were 12-18 carbons
long, chain lengths of 16 and 18 accounting for 75-80% of the products.
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to inhibit fatty acid synthesis ' : =aiwm - - . ... (oo s ong, 1958;
Tubbs and Garland, 1963; Bortz «.- iynen, *. ). 'nic hWybo. - L5 vas
tested in our system by iccubsiing palmiz i-CoA with H.S.S. élus cofactors
in the presence and absence oi L-a-glycerupnosphate. Table III illus-

trates that, although palmityl-CoA severcly inhibited fatty acid forma-

' tion, L-a-glycerophosphate failed to reverse this inhibition. It would

appear, therefore, that the méchanism of stimulation by'{rm—glyéerophosphate
in these preparations is not by the reversal of acyl-CoA inhibition.
This conclusion is supported by the recent report of Kuhn and Lynen
(1965) that, in baker's yeast, the enzyme required for phosphatidic
acid synthesis is located exclusively in a particulate fraction of the
cell. Table III also shows that palmityl-CoA inhibits the synthesis of
nonsaponifiable lipids in addition to fatty acids. Furthermore, the
iancorporation of malonyl CoA into fatty acids was also found to be
impaired by low concentrations of palmityl—CoA,'although the incorpora-
tion of acetate into fatty acids is more senéitive to palmityl-CoA.
Our results thus suggest £hat inhibition by palmityl-CoA may be rela-
tively nonspecific. In this connection, it has been found that the
inhibition of the citrate condensing enzyme by palmityl-CoA (Wieland
and Weiss, 1963; Tubbs, P.»K.,-1963) is apparently caused by nonspecific
binding of the acyl-CoA to the enzyme (Srere, personal commpnication).
Rate studies carried out with 1-C¥-acetate, 1-C¥-acetyl-CoA,
end 1,3-C¥*-malonyl-CoA demonstrated that the preparations employed
here incorporate malonyl-CoA into fatty acids epproximately 10 times
faster than either acetate or acetyl—GoA.-'This finding suggested that
the stimilation of fatty acid synthesis from acetate by citrate or
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Accordingly, these corpounds wers .. Lo - LoeLIONT ol e
incorporation of bicarbonate inte ..o:Low

Table IV contains the resulo: .0 e - ,in which «lowte,
fructose-1.6-diphosphate and L-c~ » ey . .o - L oc¢ each duild to
stimulate the carboxylation of acuii-C ..., "~ supporting the contention

noted above. Figure 1 contains ccons for sudicicetivity Jin tiie vroducts
formed during this experiment, and shows that in each case the incorporated
radioactivity travels as a single peak with the Ry of malonyl-CoA.

éummarx. Long-chain fatty acid syntihesis was demonstrated in
high-speed supernatants from yeast. Citrate, glucose-6-phosphate,
fructose-l.6-diphosphate, and L-a-glycerophosphate were found to
stimulate fatty acid synthesis several-fold. The site of stimulation
appears to be the carboxylation of acetyl-CoA. The mechénism of
citrate stimulation is not known. Palmityl-CoA inhibited both fatty
acid and nonsaponifiable lipid synthesis. However, L-a~glycerophosphate
failed to reverse the inhibition, suggesting that glycerophosphate
stimulation of fatty acid synthesis is not merely a reversal of
acyl-CoA inhibition.

The authors wish to gratefully acknowledge the technical assistance

of Gloria Klein.
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Effect of Citrate on the Iz cporati.n .o f-u¥ o lcn .
Long-C. . . bty A’
Citrate Soevate Lied o T
(mM) (rpmolon /iy
1.0 200
2.5 ERRS
5.0
.LO oO LS
25.0 G *
50.0 1772

Incubation mixture contained in a final volume of 2 ml the
following: 20 mg supernatnat protein, 150 woles potassium phosphate
buffer (pH 6.5), 2 umoles 1-C¥-acetate (9.5x10° cpm), 5 mroles ATP,
20 pmoles creatine phosphate, 0.5 mg creatine phosphokinase, 0.5 umoles
NADP+, 20 pmoles glucose-6-phosphate,* 0.1 umole CoA, 120 umoles IICO3,
and 5 umoles MnClp. Samples were incubated for 15, 30, and 60 min
and the rates of incorporation were estimated from the linear portion
of the curves.

*Other experiments have shown that the glucose-6-phosphate keeps
the NADP in a reduced form throughout the incubation period.
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TABLL I

Effect of L-o~Glyceropnosphatc sa the Incooso.. .. .. . 1-CY-fecbate
Into Long-Chain Fatty Acids and lioioaposi. ...z Lipids
' Acetati: .it::or oration
L-apGlyc?roghosphate e (mumUELS)p v
M .
Fatty Acids Nonsaponifiables
0 156 10k
0.8 532 122
4.0 625 .. 83
8.0 645 82
16.0 711 62

Incubation mixture contained in a final volume of 2.0 ml the

~ following: 20 mg H.S.S., 150 umoles potassium phosphate buffer

(pH 6.5), 2 pmoles 1-C¥-gcetate (2X10° cpm), 5 pmoles ATP, 20 pmoles
creatine phosphate, 0.5 mg creatine phosphokinase, 4 umoles NADPH,
0.1 jmole CoA, 120 umoles HCOgz, 5 umoles MnClp; and where indicated,

L-a~glycerophosphate. Samples were incubated for 15 min. Acetate

incorporation is linear for at least 30 min. under these conditions.




Effect of Palmityl-CoA cad o .- - OGS bl s

ce e areeatr f e
LRSI (e les)

ADDIT IONS R SNl I
Lol ‘{ [Ui=— FAMY N ON-
ACIDS SAP. ACID. SAP.
NONE 51. Y 37 36
L-a-GLYCEROPHOSPHATE
iOmM ... 90 11 v 27
25 mM s e e - - 103 18
PAIMITYL-CoA
02 mM oue 3 7 3 15
O.6mM ... 1 <1 1 2
2.0 mM e e < l < l - -
0.2 mM PALMITYL-CoA
+10 mM L-a~GLYCEROPHOSPHATE 2 L 1 T
+25 mM L-a-GLYCEROPHOSPHATE - 2 2

Experiment I

Incubation mixtures contained in a final volume of 0.5 ml the
following: 6 ng dialyzed H.S.S. protein, 13 pmoles potassium phosphate
buffer (pH 6.5), 1.3 umoles ATP, 5.5 umoles creatine phosphate,
2.2 units creatine phosphokinase, 0.026 umoles CoA, 1.5 umoles MnCls,
1 umoles NADPH, 30 umoles HCOz, and 0.5 umole 1-Cl-acetate (2X108
cpm/umole). Samples were incubated for 1 hr.

Experiment II
Same incubation mixture as Experiment I except that 1 umole of
1-CY¥_acetate (2X10° cpm/pmole) was used.
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Effect of Citrate, Fructnse-1.05-. . osp. .. .o Le-.-{lycerchiwsuiazbe
on Acetyl-Cc/ Carbe: RN

Additions Bizarbonave Incorporation
(cpm)

- + Acetyi-CoA - Acetyl-CoA
None 1,400 240
Citrate (60 mM) 240,000 2ko
Fructose-1.6-P0, (30 mM) 88,000 N -

(60 mM) 152,000 2000
L-0~Glycero~POy (3 mM) 148,000 -

Incubation mixtures contained the following: 0-30% ammonium
sulfate fraction (2 mg protein), 19 umoles potassium phosphate buffer
(pH 6.5), 2 pmoles ATP, 1 pmole MnClp, 5 umoles creatine phosphate,

2 e.u. of creatine phosphokinase, 1 umole acetyl-CoA where indicated,
20 umoles of C¥-bicarbonate (1X10° cpm/imole), and additions as
indicated in the Table. The samples were incubated in a final volume
of 0.4 ml for 90 min. at 25 C at which time excess dowex 50w-x8(E™)
was added to bring the pH to approxitately 2. The mixtures were then
centrifuged and an aliquot of the supernatant plated and counted.




Fig. 1. Nonvolatile radiocac. i..
An aliquot of the products i
ve 5 chromatographed overniii.u .°
butfer (Stadtman, 1957). Eixln:
radicactivity. (1) authe.cie @
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. Distribution Limited to:

(a) RASR activities (b) Governzant Agencies (c) Contractors

1. AERODYNAMICS. AIRCRAFT 32.

‘.2. mYNAMCS MISSILES AND SPACE VEHICLES
i .3- AIRCRAFT: all manned atmospheric classes - 33,

" .°: or specific types; components.
. 4 "AIRERAFT SAFETY AND NOISE

! 5. ATMOSPHERIC ENTRY: drag devices and 3.
‘. - forces; reentry maneuvers.
6. ASTRONOMY , 35.
27« ASTROPHYSICS
: 8 BEHAVIORAL STUDIES: psychology; per=
! . soénnel selection and training; human engi- ::‘
;- . -neering. ) ] *
:’. BIOMEDICINE

. - BIOCHEMISTRY" 56
11.- BIOLOGY - 6 22194
:12,  CHEMICAL ENGINEERING

'13. CHEMISTRY, INORGANIC 39.
i34, . CREMISTRY, ORGANIC

115, . CHEMISTRY, PHRYSICAL - 40,
‘16. COSMOCHEMISTRY: chemistry of planetary

- and celestial bodies; and interstellar space. 4,

; 17.  COMMUNICATIONS AND SENSING EQUIP-
A. ° MENT, FLIGHT: satellite instrument payloads. 42,
‘ 18 _COMMUNICATIONS AND TRACKING IN-

STALLATIONS. GROUND

19. -ELECTRONICS 43.
4300 FLUID MECHANICS: aerodynamics (except
: - gperodynamics, aircraft and aerodynamics, &4,

" rnissiles and space vehicles); hydrodynamics;
f"g{._ . magnetic~fluid.dynamics.
.zi. GEOPHYSICS AND GEODESY: meteorology.

.23, GUIDANCE AND HOMING SYSTEMS 45
!83. LAUNCHING FACILITIES AND OPERATIONS .
;28.: LAUNCHING DYNAMICS 46
728, MATERT2LS, ENGINEERING: construction -

.. - waaterials; propertics. 47.
-eu. MATERIALS, OTHER: lubrication and wear; 48.
* -+ ; sealing compounds; hydraulic fluids; coolants; 49,
‘,, i - shielding materials; igniters.

8%, MATHEMATICS: abstract studies. 50.
38. MISSILES AND SATELLITE CARRIERS:

. ..omding rockets; satellito launchers. sl.
\-39. NAVIGAT!ON AND NAVIGATION EQUIPMENT
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- -

PHYSICS, SOLID STATE: cryogcnics' cry= o
stallography; semiconductors; thecories of
elasticity, plasticity.

PHYSICS, THEORETICAL: classical mech-
anics other than fluid mechanics; magnetism;
optics; acoustics; wave and quantum mechanica.

PILOTING: preflight and flight routines;

rescue operations,

POWER SOURCES, SUPPLEMENTARY: :ux-
{liary sources; batteries; solar and nuclsar
geacrators.

PROPELLANTS: characteristics; handlir.z,
PROPULSION SYSTEW: ELEMENTS: fnjectors;
nozzles; heat exchangers; pumps.

38. PROPULSION SYSTEMS, AIR-JET: turbo-

jets; ramjets; propeller systems. Includes
these types using nuclear heat sources.
PROPULSION SYSTEMS, LIQUID-FUEL
ROCKETS
PROPULSION SVSTEMS, SOLID-FUEL
ROCKETS

PROPULSION SYSTEMS, ELECTRIC: ion jeta;
plasma jets.

PROPULSION SYSTEMS, NUCLEAR: {ission
or fusion lys&cml using noa-. adient wor..iz ing
fluids.

PROPULSION S\’ST:MS OTHER: systuias
not assignable to other categories, €. g. sciar
radiation.

PROPULSION SYSTEMS, THEORY: analyses

‘not assignable to listed catcgorics; {actlors

such as combustion parameters; thruss,
efficiency.

RESEARCIH AND DEVELOPMENT FACILI- -

TIES: laboratories; flight rangeas.

SPACL MECHANICS: orbital calculations and
observations.

SATELLITES: orbital.

SPACE VEHAICLES: mon-orbitsl.

SIMULATORS AND COMPUTERS: math-'"
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STABILITY AND CONTROL: aireraft, mise
siles, and spacccraft.

STRESSES AND LOADS: calculation mﬂmds.
structural lests; fatipua; vibration and {lutter,
aeroc... .:ity; strcss analysis. -,

.. structures; spectroscopy) paricdic systom. 52. STRUCTURES: design criteria; componer
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